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VisIt supports varying resolution meshes

block-structured unstructured grid
adaptive mesh with non-uniform

refinement (AMR) spatial resolution
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MADNESS has no mesh, just a quadtree 
with polynomial coefficients
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spatial structure internal tree representation

• Up to 30 refinement levels / tree depth
• to 400 (2D) / 8000 (3D) coefficients per tree node
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Legendre polynomial series at each tree node

(example with K=3, dim=2)
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• We have to sample these polynomials to create a mesh
• Can sample as finely as needed inside a file format reader
• Each tree node has Kdim coefficients
• K can be up to 20 (i.e. 400 coeffs/tree node in 2D, 8000 in 3D)
• Kdim samples (1 per coeff) results in no loss of information
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Each variable is refined independently

“pressure” “density” “temperature”“pressure” “density” “temperature”
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How to combine variables?

pressure × density ÷ temperature

• Necessary for many expressions, operators,
and other analysis
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Combined meshes, option #1:
Direct quadtree mesh union

• Straight combination of N meshes
– results in  N × {#cells in one mesh}
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Combined meshes, option #2:
Multiple regular grids

• Pool of regular grids at selectable resolutions 
• Up to (230)3 for full refinement (unfeasibly large)
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Combined meshes, option #3:
Unified block-structured AMR

• Heuristic combination to define regular patch levels• Heuristic combination to define regular patch levels

www.vacet.org



Further issues
• How to combine variables?

– Hybrid approaches may be the only option

• Which coefficients are most efficient?
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– Free to choose our own decomposition

• File format
– In on the ground floor, can advise/recommend 

scalable, parallel I/O layers like HDF5
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Current Status

• Loading raw MADNESS tree
• Reading native Legendre

coefficients
• Two meshes per variable
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